Background {#Sec1}
==========

Several large scale community based cardiovascular disease (CVD) prevention programs were initiated in the late 80s including Minnesota and Pawtucket in US, North Karelia in Finland, Heartbeat Wales in UK and the Västerbotten Intervention Program (VIP) in Sweden. These programs have generated extensive and rich research, and VIP alone has been the source for hundreds of scientific articles. However, there is a striking absence of health economic perspectives in these publications. We have searched PubMed using different combinations of terms such as "cost-effectiveness" and "community based CVD prevention", and found only six publications \[[@CR1]--[@CR6]\], (all from 1997 or earlier). One report that was based on the VIP \[[@CR6]\] used intermediate measures, such as changes in cholesterol and blood-pressure, to predict eight-year cumulative incidence of coronary heart disease using a Framingham risk equation. From a societal perspective, the results ranged between savings and a cost of 1950 £ per year of life gained.

In general, a cost-effectiveness analysis requires endpoint data such as changes in morbidity and/or mortality, and these data can either be collected directly or modelled based on intermediate outcomes, e.g. changes in blood pressure or smoking habits. Neither of the routes are, however, easily accessible.

Effectiveness assessment based on impact on morbidity and mortality presuppose a sustainable intervention, a structure in place which enables long-term follow up, and a sufficiently large scale to be able to measure impact on rare events such as mortality. These prerequisites require a patient funder who is willing to support an intervention for a decade or more prior to seeing any tangible returns. Against this background, the concept of "modeling for decision-making" has become popular. This involves predicting final outcomes on the basis of intermediate ones by applying the philosophy of evidence based medicine; to use the best available data when you are forced to make a decision. Among the advantages of this methodology are the relatively low cost and timeliness. Decision-makers therefore receive a relatively prompt answer, and do not risk funding an intervention for a decade that in the end turns out to be worthless. Modelling also has its disadvantages, and Burgers et al. \[[@CR7]\] have recently completed a review of the traps encountered when creating models in the field of CVD. In summary, they argue that many models lack validity because appropriate data are not available.

Fortunately, VIP is one of the few community-based CVD programs that meet all the criteria discussed above for making an economic analysis based on end-points feasible. Such a publication would fill two gaps in the literature: a) the absence of studies from the last 20 years and b) the absence of studies based on empirically confirmed mortality.

Aim of the study {#Sec2}
----------------

To estimate the costs of running VIP from 1990 to 2006, versus the health gains and savings reasonably attributable to the program during the same time period.

Setting - Västerbotten intervention programme {#Sec3}
---------------------------------------------

Coronary heart disease mortality started to gradually increase in Sweden starting in the early 1900s. This trend occurred more slowly in northern Sweden and was not noted until the 1940s. Epidemiological studies from the 1970s showed that Västerbotten County had the highest age-adjusted CVD mortality rate in Sweden (ages 15 to 74) and that this rate was 40% higher than the county with the lowest mortality.

In response to these alarming epidemiological reports, in 1984 the Västerbotten County Council decided to develop a model for a long term population-oriented program for the prevention of both cardiovascular disease and diabetes. The program was based on integrated cooperation within local communities with primary health care as the coordinating hub.

As an initial step in 1985, a pilot study was introduced in the Norsjö municipality that combined individual disease prevention efforts among the middle-aged population with community-oriented health promotion activities. All citizens at 30, 40, 50, and 60 years of age were invited to a physical examination combined with a healthy dialogue at the local primary health care centre. A 10-year evaluation showed that the age- and education-adjusted CVD mortality risk, based on the North Karelia CHD risk equation, was reduced by 36% in Norsjö, compared to a 1% reduction in the reference area (Northern Sweden MONICA Study). This risk reduction was found to have occurred primarily in the low education group \[[@CR8]\].

Based on experience from the pilot study, the core intervention concept ─ physical examination, survey, and health dialogue ─ was implemented in all the county's municipalities during the early 1990s. This collective effort became known as the Västerbotten Intervention Programme (VIP). A detailed description of the design of the VIP, CVD risk factor measurements and questionnaire data, support of primary care providers, and development according to medical evidence, has been published previously. VIP was included in the regular Västerbotten primary care mission from 1995 \[[@CR9]\].

During the 17 years (1990--2006) reported in this study, the participation rate gradually increased from about 55 to 65%, with only small socio-economic differences between participants and non-participants \[[@CR10]\].

The VIP-intervention: Individual health dialogue {#Sec4}
------------------------------------------------

Nurses provided feed-back to participants based on the results of CVD risk factor measurements, health, lifestyle habits, and socioeconomic and psychosocial factors. Initially, this occurred in a unidirectional fashion with the nurse lecturing the participant. Gradually, however, this communication was developed into a dialogue, based on the concept of motivational interviewing. The participant's risk profile was visualized in the shape of a star, where greater risk was indicated by blunt tips and a low risk was shown as a star with sharp tips. This pedagogical tool is aimed at facilitating the understanding of relationships between life style habits and CVD risk factors. The goal was to motivate the participants with a low risk factor burden to maintain healthy habits, and to support and motivate those with multiple risk factors to modify their behaviour. If appropriate, follow-up visits or referral to the family physician (usually a GP) for further evaluation and treatment was recommended.

Risk factor monitoring {#Sec5}
----------------------

According to published reports, from 1990 to 2007 smoking prevalence among VIP participants significantly decreased both for men and women \[[@CR11]\]. The general trend of increasing obesity has slowed, the prevalence of hypercholesterolemia \[[@CR12]\] and hypertension \[[@CR13]\] have significantly decreased, and the level of physical activity has increased \[[@CR14]\]. Over half of the participants with poor self-reported health at base-line have, at the 10-year follow up, reported improved self-reported health \[[@CR15]\]. However, at the 10-year follow up, the average level of fasting glucose has increased by 0.5 mmol/L, which is also reflected in an increase in diabetes prevalence, especially among men \[[@CR16]\]. Among VIP participants, there is a significant difference in risk factor burden between educational levels.

Methods {#Sec6}
=======

Blomstedt et al. \[[@CR17]\] estimated both total and CVD mortality impact from two perspectives; target group and participants, with the target group (intention to treat) treated as the main analysis. This same convention is used in our current analyses. They estimated the total mortality gains for the period 1990--2006 to be 587 prevented premature deaths, out of which 109 were CVD. We have allocated the total amount of prevented deaths to years in proportion to the number of person-years recorded in each calendar year (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Estimated numbers of prevented deaths for each year in the period under study

Life years gained {#Sec7}
-----------------

Life years gained is determined as the time elapsed between July 1 (mid-year) the year the death was prevented and December 31, 2006. Prevented deaths 2006 thus gain 0.5 years, 2005 gain 1.5 years etc.

Quality adjusted life years gained {#Sec8}
----------------------------------

Life-years is transformed to quality-adjusted life years (QALYs) via multiplication by a QALY-weight determined in a population survey in Stockholm, Sweden between 1998 and 2002 \[[@CR18]\]. This is the "health level" the average Swede can expect conditional on age and sex. For both sexes, the QALY-weight is quite stable from middle age to 74, with a tendency for a slight increase in the years after retirement. Males usually report a higher level than females, and in our calculations we have used 0.82 for males and 0.78 for females.

QALYs gained and savings due to the prevention of non-fatal CVD events {#Sec9}
----------------------------------------------------------------------

Prevented premature CVD deaths have been split into CHD and stroke because the loss of QALY's and the treatment costs are different for non-fatal cases of CHD and stroke respectively (Table [1](#Tab1){ref-type="table"}). A reasonable rule of thumb for the whole period is 2/3 CHD and 1/3 of stroke.Table 1Assumptions regarding case fatality rate, loss of QALYs per case and cost per caseProportionFatal casesCase fatality rateNon fatal casesLoss of QALY per caseCost per caseCVD1All109Male58Female51CHD2/320/100360All720.051Male39SEK 250000 (m)Female33SEK 180000 (f)Stroke1/318/100206First time event:All370.145Male19SEK 787000 (m)Female18SEK 695000 (f)

To estimate the number of non-fatal cases for CHD we used the fatality case rate/lethality in 28 day \[[@CR19]\], and did the same for stroke \[[@CR20]\]. The proportion of "first-time" incidence cases was used (=70%) for stroke because the most recent cost-estimates are based on this fraction \[[@CR19]\].

Lindgren et al. \[[@CR21]\] have measured the loss of QALYs in the years following the event, and report 0.145 for stroke and 0.051 for acute coronary syndrome.

Ghatnekar and Carlsson \[[@CR22]\] have measured the societal costs following a first time ever stroke using a life-time approach and societal perspective. The 2015 values inflated by the consumer price index for males and females are SEK 787000 and SEK 695000 respectively (Euro 1 = SEK 9,5 and USD 1 = SEK 8).

Määtää \[[@CR23]\] have studied the health care costs associated with myocardial infarction and estimated the cost per event to be SEK 250000 for males and SEK 180000 for females.

Intervention costs {#Sec10}
------------------

Costs for VIP are shown in Table [2](#Tab2){ref-type="table"}. A detailed cost analysis was published in 1994 \[[@CR24]\] and the cost to the health care center was estimated to be SEK 720 per patient. The components of this estimate included time required by the general practitioner, nurse and assisting nurse, plus laboratory costs. A similar analysis completed for 2015 showed that the cost had dropped to SEK 436. The main reasons for this decline in costs are changes in the VIP protocol, with the health counseling being done by a nurse, and decreased total visit time attributable to new laboratory test methods.Table 2Costs per participant (SEK, year 2015 values) for the intervention in 1992 and 2015Component1992^a^2015Rounded "average" 1990--2006Cost at HCC per participant720436600Total program overhead costs for management, analysis etc.1 363,600210Program costs per participant210100Time costs per participant62015751000Total costs134022211700^a^Costs have been inflated by the consumer price index

The second item in 2015 is resources for coordination, analysis and education. The total cost is SEK 1.4 million and the cost per participant is equal to 210 SEK. Corresponding information from 1994 is not available.

Finally, time costs are estimated for the 2 years. In 2015, it was assumed that the first visit took 2 hours, and travel required another hour. Further, we assumed that 75% of participants made a second visit, requiring another hour plus one travel hour. Using the average Swedish hourly labour cost in 2015 -- SEK 350 \[[@CR25]\], the total time costs for the two visits are estimated to be 1575 SEK. Up to 2009, only one visit was standard and the time cost in 1992 was estimated to be 445 SEK.

In our retrospective analysis (Table [2](#Tab2){ref-type="table"}), we have used "average" values for the period, i.e. weighting the two estimates together according to their representativeness for the period under study (Table [2](#Tab2){ref-type="table"}).

All costs are expressed at the price level in 2015, i.e. costs from previous years are inflated by the consumer price index to reflect year 2015 values.

Result {#Sec11}
======

The total intervention costs for VIP for the health care sector are SEK 67,4 million (96,306 examinations times SEK 700) and SEK 192,6 (96,306 examinations times SEK 2000) from a societal perspective. QALYs gained between 1990 and 2006 are estimated to be 2904, with 2856 attributable to reduced mortality (Table [3](#Tab3){ref-type="table"}).Table 3Estimated health gains and savings due to VIP during the period 1990 to 2006Change in total mortalityPrevented Non-fatal CVDCases preventedStrokeCHDMen301106195Women286100165All587206360Life years gainedMen1834Women1733All3567QALYs gainedStrokeCHDMen1504Women1352All285629,918,4Savings:StrokeCHDa. Health care Male15,549,1 Female13,729,9b. Municipalities Male19,4 Female24,2c. Production gains Male26,1 Female12,3d. Total111,278,9 Male6149,1 Female50,229,9

From a societal perspective the savings amount to SEK 190,1 million and from a health care perspective they amount to SEK 108,2 million. Thus, from a health care sector perspective, the savings attributable to the VIP exceeded its costs, while the cost per QALY gained from a societal perspective is SEK 650.

Discussion {#Sec12}
==========

The main finding is that VIP is an extremely cost-effective intervention. From a health care perspective, savings were about 50% larger than costs during the period under study. From a societal perspective, costs and savings were the same.

Methodological considerations {#Sec13}
-----------------------------

The approach used in this study has as a notable strength the use of retrospective data of good quality. However, our approach has also the following limitations:\*While it was possible to estimate the number of non-fatal cases of CVD, it was not possible to estimate the number of non-fatal cases of other diseases. The fact that non-fatal cases of other diseases were prevented as well, but were not accounted for in our analysis, strongly implies a significant underestimation of the health gained and "savings" in the period under study.\*Our analysis was truncated 2006, which also results in an underestimation of health gains. In the end of the period (2006) 587 more individuals were alive than expected, and these continues to live beyond 2006.\*Conversely, the absence of a life-long perspective also gives a misleading picture of "savings". The prevention of premature deaths and lived years beyond the time window of this study means that costs for treating the diseases which finally cause the deaths have not been taken into consideration. It is well-known that a significant portion of health care resources consumed during a lifetime arise in the last year prior to death. When a potential premature death due to CVD is avoided, a competing cause of disease and death in old-old age, eg. years of dementia followed by a death caused by cancer, must inevitably take its place. The resulting peak in health care costs are therefore postponed beyond our study window, and these later health care costs could perhaps be of the same magnitude as the savings we have accounted for. The distance in time to "old-old" age makes it necessary to discount these later costs, which will lower the present value. There is, in general, a gain connected to postponing health care costs into the future. Among the reasons for this are that future health care will likely have access to larger resources than health care today, and also the possibility that more cost-effective treatment methods have been developed in the meantime.\*Retrospective costing is unusual in cost-effectiveness analyses, and its use poses some methodological challenges. The beginning of the study period (1990) was more than 25 years ago, and therefore poses a challenge to stakeholders' memories. The study period ends more than 10 years ago, and data collected today is probably not completely valid for the end of our period under study. We must therefore rely heavily on studies published in 1994 and 1996 \[[@CR6], [@CR24]\], to provide estimates of the cost structure that was present at the beginning of the VIP. However, VIP has changed gradually, and some local variations in the protocol have been allowed and even encouraged. For these reasons, also the recent cost estimate from 2015 has been used despite it refers to VIP 9 years after the end of the studied period. We think our "weighted average" captures some of the dynamics inherent in VIP. The used "average" makes the cost higher than the estimates published in 1994, so there is a kind of sensitivity analysis built in.

In sum, the limitations in our approach in comparison with "modelling" have certainly underestimated the health gains. Savings during the period of study are underestimated while costs beyond the period are not taken into account. It is not possible to calculate the net effect of these two limitations. However, modelling can't be considered "the gold standard" simply because it is the most common approach. As summarized in the background, modelling is a technique with its own pro and cons.

Is VIP's cost-effectiveness unique? {#Sec14}
-----------------------------------

Any comparison must be limited to intervention programs that are very similar to VIP, following the principles for health care technology assessment. One such study is the CVD prevention program in Franklin County, Maine US \[[@CR26]\]. In a retrospective evaluation for the period 1970--2010, this program was found to have improved control of hypertension and elevated cholesterol, and also improved smoking quit rates. These changes in risk-factors contributed to an observed decrease in mortality rates and hospital utilization in the study area. Unfortunately, the costs for this intervention are not reported.

The Ebeltoft Health Promotion Project reported data on life expectancy and costs \[[@CR26], [@CR27]\]. In summary, they used a kind of cost-minimization analysis that showed that the intervention increased life expectancy without increasing costs.

The cost-effectiveness of the British Oxcheck and British family heart studies have also been evaluated \[[@CR28]\]. The calculation is a bit speculative and estimates the change in life expectancy due to improved risk factors. The results depend heavily on the assumed time period for duration of effect. The cost per life year gained for men in the British family heart study ranged between £ 900 (20 years duration) to £ 24,400 (1 year). Corresponding values for Oxcheck were £ 900 and £ 20,900 respectively.

Policy consequences {#Sec15}
-------------------

A CVD prevention program that is very similar to VIP has been running in the South of Sweden. This is the "Live for Life" program in the Counties of Skaraborg and Jönköping. The effects of this intervention on CVD risk factors and disease outcomes, which are similar to those from VIP, have been reported, but there have as yet been no health economic evaluations \[[@CR29]--[@CR31]\].

There has been a long-running discussion in the scientific community about the possibility of using prevention programs to reduce the CVD burden in the population. The conclusion based on, for example, Cochrane evaluations of multiple RCTs, is that CVD prevention efforts have not been effective \[[@CR32], [@CR33]\].

However, these evaluations do not include the type of intervention that VIP represents and are therefore not relevant here. VIP utilizes both individual-oriented and population-oriented strategies. Primary care's annual invitations to all citizens age 40, 50 and 60 years to a CVD-focused health survey and personal health dialogue interact with a strong public health interest and preparedness for behavioural modification.

The VIP model is integrated within the existing primary care delivery structure, anchored in the local community with support from both political decision-makers and the general population, and has lasted for more than 25 years. It is like the Swedish child health program in that it is part of the basic health care system.

Our assessment is that the outcomes in our previous reports based on VIP \[[@CR6], [@CR8], [@CR17]\] are a well-founded basis for policy development and for decisions regarding implementation of interventions similar to VIP. In light of the health economic outcomes presented by this study, our conclusion is that this model is capable of influencing the population's risk factor burden and mortality risk in a cost-effective manner.

Conclusions {#Sec16}
===========

hese analyses, in conjunction with a previously published report \[[@CR6]\], show that VIP is extremely cost-effective in relation to the Swedish threshold value (SEK 500000 per QALY gained). Other research \[[@CR8], [@CR17]\] has also shown a favorable effect of VIP on population health and the health gap. We therefore argue that all health care organizations, acting in settings reasonably similar to Sweden, have a good incentive to implement programs like VIP.
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